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Abstract— The small element spacing of compact multiport arrays introduces strong mutual coupling between the antenna ports. Due to 
this coupling, the input impedance of the array changes when elements excitations are varied, and consequently, the array cannot be 
matched for an arbitrary excitation. Decoupling networks have in the past been used to provide an additional connection between 
antenna ports in order to cancel the coupling between elements. An alternative approach is to design the antenna so that each port does 
not excite a single element, but all elements simultaneously instead. The geometry of the antenna is optimized so that this direct 
excitation of elements counteracts the mutual coupling, thus yielding decoupled ports. This paper describes the design of such a 4-port 
antenna. 
 
Index terms: Compact arrays; Mutual coupling; Adaptive arrays; Multiport antennas 
I. INTRODUCTION 
Multi-antenna technology may be viewed as an extension of the so-called smart antenna [1]. The elements in an antenna 
array are fed individually and their radiated fields combine to give a desired radiation pattern for the array. The radiation 
pattern of an array can be adjusted by varying the excitation of the individual elements [2]. Mutual coupling between array 
elements can be significant even for the conventional inter-element spacing of half a wavelength. In compact multi-port 
arrays with small element spacing, mutual coupling between antenna ports is more severe.  
 
Mutual coupling between antenna elements leads to system performance degradation. It causes a reduction in the 
signal-to-noise ratio (SNR) [1, 2] and a decrease in the eigenvalues of the covariance matrix of the signal, which controls 
the response time of adaptive arrays [3]. A decoupling network can compensate for the mutual coupling effects, so that 
simultaneous matching can be achieved at all the ports [4-9]. These networks provide an additional signal path between 
antenna ports. The nature of the decoupling network is such that it effectively cancels the external coupling between the 
array elements to yield uncoupled antenna ports.  
   
  In this paper, an alternative approach to the implementation of decoupled multi-port antennas is explored [10]. 
Decoupling is achieved merely by changing the geometrical configuration the antenna and without including additional 
circuits. The antenna is designed so that each port does not excite a single element, but all elements simultaneously. The 
geometry of the antenna is optimized to achieve a situation where the direct excitation of elements counteracts the mutual 
coupling between them, thus yielding decoupled ports.  
 
A 3-element antenna was first designed. During this process, the effects of varying specific geometrical parameters on 
the scattering parameters of the multi-port structure were observed. The antenna was manufactured and measured results 
were used to verify computer simulations. Subsequently, an attempt was made to extend this design to a novel 4-element 
array. However, the mutual coupling between adjacent elements differs from the coupling between diagonal elements of 
the 4-port array. The geometrical parameters did not offer the required degree of freedom in order to ensure that all ports 
were isolated and matched. Consequently, an additional geometrical feature in the form of slots was introduced. 
Simulations were carried out using a commercial software package and an appropriate geometry was identified though 
optimization. A 4-port array was manufactured and measurements of the scattering parameters and radiation patterns were 
made to verify the validity of the design.  
II. DESIGN OF 3-PORT ARRAY 
A 3-element array with geometry shown in Fig. 1 was designed using simulations in HFSS [11]. The antenna consists of 
three wedge-shaped patches on a grounded dielectric substrate, with each patch fed via a probe attached to a connector on 
the ground plane [10]. Note that the patches are physically connected to each other at the centre. The angle between the 
wedges, α, and the diameter of the metallic cylinder extended into the dielectric layer, d, largely control the coupling 
between the array elements. Parameters D, r0, h and g can varied in order to adjust the resonant frequency and to achieve an 
impedance match at resonance. Teflon (εr = 2.0) with a thickness of , h = 5.8 mm was chosen as the dielectric. The diameter 
of the ground plane and dielectric cylinder was set to Dt = 54.2 mm, while a value of D = 44.2 mm ensured resonance in the 
desired frequency range. The values of α, d, r0 and g were then optimized to ensure low values of the port reflection 
coefficient, |S11|, and the mutual coupling between ports, |S12|. The best results were obtained with values of 
 
 
A compact multiport antenna with isolated ports 
J.C. Coetzee and Y. Liu  
 Department of Electrical Engineering, National University of Singapore, 4 Engineering Drive 3, Singapore 119476 
e-mail: elejcc@nus.edu.sg, fax no. +65-6779 1103 
 
 
 
α = 12º, d = 14.1 mm, g = 0.35 mm and r0 = 8.3 mm. This antenna was manufactured using copper for the upper plate with 
the patches and aluminum for the ground plane, as shown in Fig. 2. The simulated and measured scattering parameters are 
shown in Fig. 3. 
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Fig. 1 Geometry of the 3-port antenna. 
 
 
 
Fig 2: Bottom and top view of the 3-port antenna. 
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Fig. 3: Simulated and measured scattering parameters of the 3-port antenna. 
 
 
Apart from the shift in the resonant frequency of the reflection coefficient |S11|, agreement between the measured and 
simulated results in Fig. 3 is satisfactory. The measured port reflection coefficient shows a resonant frequency around 2.58 
GHz, while simulations predict resonance at 2.54 GHz. Mutual coupling is well below −10 dB for both the simulated and 
 
 
 
the measured case. The antenna therefore has decoupled and matched ports at the resonant frequency. 
III. DESIGN OF 4-PORT ARRAY 
As a first approach to designing a 4-element array, a geometry similar to that of the 3-port antenna was used. This 
antenna was modeled in HFSS and simulations were carried out in an attempt to optimize the array performance. However, 
in the 4-element array the mutual coupling between diagonal elements differs from the coupling between adjacent 
elements. It was thus found that the coupling between adjacent and diagonal elements could not be cancelled 
simultaneously by adjusting the geometrical parameters. An additional degree of freedom was required to alter the mutual 
coupling between diagonal ports without significantly affecting the coupling between adjacent ports. For that purpose, 
additional slots were introduced. Various slot configurations were investigated, but the best results were achieved with the 
geometry shown in Fig. 4. 
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Fig. 4 Geometry of the 4-port antenna with slots introduced to provide an additional degree of freedom. 
 
We again used Teflon with a thickness of h = 5.8 mm and a diameter of Dt = 54.2 mm for the dielectric. The diameter of 
the upper metal layer was kept at D = 44.2 mm, and so was the thickness of the dielectric section in the centre of the array, 
g = 0.35 mm. The slots were chosen to have a width of w =1 mm and positioned at a distance of p =20 mm from the centre. 
The values of α, d, r0 and l were then optimized using HFSS simulations to ensure low values of the port reflection 
coefficient, |S11|, mutual coupling between adjacent ports, |S12| and mutual coupling between diagonal ports, |S13|. The best 
results were obtained with values of α = 10º, d = 14.8 mm, r0 = 8.3 mm and l =6 mm. This antenna was manufactured and 
photographs of the top and bottom views of the prototype are shown in Fig. 5.  
The measured scattering parameters of the array are shown in Fig. 6. The antenna has a resonant frequency around 2.6 
GHz. Mutual coupling between adjacent ports and diagonal ports is suppressed to levels below −15 dB to yield an array 
with decoupled and matched  ports at the resonant frequency. 
Fig. 7 and Fig. 8 show the measured radiation pattern of the prototype array when it is fed at the individual ports. The 
port patterns are orthogonal and beam steering can be achieved by feeding the ports simultaneously. 
 
 
Fig 5: Bottom and top view of the 4-port antenna. 
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Fig. 6: Measured scattering parameters of the 4-port antenna. 
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Fig. 7: Measured radiation of the 4-port array fed at ports 1 and 2. 
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Fig. 8: Measured radiation of the 4-port array fed at ports 3 and 4. 
 
IV. CONCLUSION 
When an individual element in a conventional antenna array is driven, the other elements in the array are excited 
parasitically. In contrast, the multiport antennas described in this paper make excite the entire radiation structure to provide 
isolated ports and uncorrelated port patterns [10]. The novel 4-port antenna is very compact and may find application in 
MIMO systems or mobile devices with restrictions on the available volume for antennas. 
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